pension wealth, pension reform, household savings, life-cycle model. JELclassification: H55, H91 Using three major UK pension reforms as natural experiments we investigate the relationship between pension saving and discretionary private savings. Unlike most differences-in-differences approaches which rely on average differences between the control and the treatment group, we use economic theory to model the response of each individual household. The model permits us to use both time-series and cross-sectional variation in a consistent way to identify the behavioural response. The study is based on data from the Family Expenditure Survey. A measure of pension wealth is not observed, but we estimate it by applying the rules of the pension system to observed individual characteristics. The changes in pension wealth as a result of the reforms are substantial. The empirical analysis suggests that the earnings-related tier of the pension scheme has a negative impact on private savings with substitution elasticities approaching -1.0. The impact of the flat-rate tier of the scheme is found not to be significantly different from zero. 
Introduction
The relationship between pension wealth and household savings is crucial for important policy issues, such as establishing the effects of changes in pension legislation on saving behaviour. From a theoretical point of view, the life-cycle framework suggests that the provision of public benefits after retirement constitutes a negative incentive to accumulate resources during one's working life. Quantifying the resulting relationship between pension wealth and saving even within a simple theoretical framework is difficult, however, as the degree of substitutability between pension and non-pension wealth depends on a variety of factors, ranging from the presence of liquidity constraints that might be binding, to the importance of bequest motives, to the size of discount factors and rates of return, to the possibility of distortionary effects of pension contributions on labour supply behaviour. The complexity of the problem makes it likely that quantification of the relationship between pension wealth and saving will be empirical rather than theoretical.
There is not much empirical evidence on the relationship between pension wealth. Moreover, the results are far from being conclusive. Feldstein (1974) was among the first to investigate the relationship between public pension wealth and household saving empirically. His study, based on the time series behaviour of aggregate saving rates and pension wealth indicates a large negative effect of pension wealth on saving rates. Subsequently, King and DicksMireaux (1982) have provided evidence from micro-data analyzing the relationship between the stock of pension wealth and saving rates. They interpret the coefficient of pension wealth in a regression for financial wealth as a measure of the degree of substitutability between the latter and the former. They find that an increase of a dollar in social security wealth decreases financial wealth by 25 cents, while an increase in private pension wealth decreases financial wealth by 10 or 18 cents, depending on the methodology. More recently, Brugiavini (1987) and Jappelli (1995) have carried out exercises similar to those of King and Dicks-Mireaux (1982) on Italian data, obtaining larger estimates of the degree of substitutability between private wealth and public pension provisions.
The scarcity of empirical evidence on the relationship between pension wealth and saving behaviour is in part due to the severe data limitations that researchers face in this area.
Aggregate time series information, while it covers potentially long time periods and therefore changes in pension wealth, is of limited use because of aggregation issues. Data sets containing individual level information on income and consumption (and therefore saving) are few and far between. Moreover, data sets that contain this type of information very rarely contain information on financial wealth and even less on pension entitlements. In addition to the limitations in available data sets, pension wealth does not exhibit much exogenous variation, especially because micro data sets typically cover relatively short time periods.
In a recent study Attanasio and Brugiavini (2001) have investigated the impact of the 1992 reform of the Italian pension system. Using two household surveys collected before and after 1992 they assess the effect that pension wealth has on household saving. The Italian case is especially interesting because the reform had different effects for different groups of the population.
In this paper, we take an approach similar to Attanasio and Brugiavini (2001) and explore the pension reforms that were implemented in the 1970s and 1980s in the UK. Our period of study contains as many as three major reforms that induced substantial exogenous variation in pension wealth. Furthermore, we have high quality household data that contain detailed information on income and consumption and go back to the early 1970s. On the basis of these data we exploit the variability in pension wealth induced by the reforms to identify the relationship between pension wealth and saving rates. Because we have a series of cross-sections we can exploit both time-series and cross-sectional variation.
More specifically, we use a number of years of household data from the Family Expenditure Survey (FES) covering a period in which three major pension reforms were implemented. We use the variation induced by these reforms (and in particular the fact that they affect different groups of individuals differently) to identify the impact of changes in pension wealth on household saving rates. Our study goes beyond a simple differences-indifferences approach because we impose on the empirical analysis the structure that we derive from economic theory. We use the life-cycle framework to model the behavioural response of every household. If pension reforms are not fully anticipated, individuals' reactions will vary depending on when in their life-cycle they experience the reform: for example, younger individuals will have more time to absorb the changes entailed by the reform. In this context the life-cycle model gives us a framework in which we can specify a regression equation and in which we can interpret the estimated coefficients.
While the relationship between pension wealth and saving is relatively simple in a stylized model, reality is likely to be much more complex. In particular, the presence of uncertainty (about income and rates of return), liquidity constraints, the lack of liquidity of pension wealth, the interaction of saving for old age with other savings motives, and the interaction with labour supply choices make the optimization problem of a typical agent very complex. Trying to model all these features is extremely hard, and typically requires using numerical methods in order to obtain a solution for the optimization problem. In this paper, we use a simplified theoretical setting to inform the specification of our regression equation and interpret the results we obtain. At the same time we keep our regression equation flexible to take into account the fact that our simple model abstracts from very important features of reality.
The paper is organized as follows. In Section 2 we give a brief overview of the UK pension system and of the main reforms that have changed its operation in the last 25 years.
In Section 3, we describe the data set we use and how we construct for each individual household in our sample an estimate of pension wealth. We do this by using information on the individual household members and the pension legislation, including its changes over the years. In Section 4 we discuss the theoretical framework that informs our econometric specification. Section 5 deals with econometric issues and reports our results. Section 6 concludes the paper.
The UK Pension System
Since the end of the last world war the public pension system in the UK has been subject to repeated change. Each decade has seen at least one substantial pension reform. As a result, entitlements to future benefits exhibit a fair amount of variation over time. Moreover, many of these reforms have affected different individuals in different ways, so that the induced changes in pension wealth (i.e. the expected present value of future benefits less future contributions) also exhibit a considerable amount of cross-sectional variability. In most other industrialized countries pension reforms have only recently been included in the policy agenda so that the UK stands out in this respect as an interesting case to study. The reform process has led to pension arrangements where both unfunded public and funded private pensions are integral parts of the system. While the rules that govern the public component of the system are relatively straightforward and homogeneous, the private sector is very heterogeneous. People are enrolled in very different schemes whose rules vary greatly. Without knowing which pension plan someone belongs to it is not possible even to approximate the person's entitlements. To our knowledge there is no representative household survey in the UK that would provide this information, forcing us to confine our analysis to the impact of changes in public sector schemes. Nevertheless, it is important to note that this constraint does not interfere with the findings of our study for two reasons. Firstly, until 1987 participation in private pensions was exogenous with respect to saving choices, as occupational pensions were available only for those employees whose employer provided such a scheme. In 1988 the way public and private pensions were integrated changed, making the assumption of exogeneity less plausible.
1 Therefore, we limit our analysis to the period before 1988. Furthermore, the heterogeneity among private pension schemes, which hindered their inclusion in the analysis in the first place, now becomes a virtue. Taken together with the fact that there have not been major regulatory changes in private pension arrangements between 1974 and 1987 we argue that households observed in our sample do not experience any common shocks of considerable magnitudes in their private pension wealth. Hence as long as we control for membership in private and public sector pensions our results should not suffer from the exclusion of a measure of private pension wealth.
In the remainder of this section we describe the evolution of the different components of the public pension scheme, giving greater details for the period we use in our study, that is the seventies to late eighties. We start by describing the two main components of the UK public pension system, the flat-rate Basic State Pension (BSP) and the so-called "State Earnings-Related Pension Scheme" (SERPS). We then explain the possibility of opting-out of the public system. This is followed by a discussion of the variations in pension 1 We discuss this change and its implications in further detail below when explaining the possibilities of opting-out of public sector second tier pensions. A good discussion of the current UK pension system can be found in Disney et al. (2001). wealth induced by the reforms that we use in our empirical analysis to identify the effect of pension wealth on saving.
The structure of the BSP was put in place in 1948. It is a flat-rate benefit scheme that is compulsory for all workers and employees with earnings above a threshold, the lower earnings limit. When reaching state pension age -currently 60 for women and 65 for menan individual who has contributed at least nine-tenths of his or her working life is entitled to a full rate pension that will be paid for the remainder of his or her life. Virtually all men acquire entitlements to a full pension whereas until recently many women did not. In that case their husbands can claim a dependant's addition, which amounts to 60% of the full rate.
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Until the early 1970's benefits were up-rated in a rather ad hoc way, on average making up for slightly more than average earnings growth. From 1975 onwards, they were increased roughly in line with gross earnings. In 1980/81 the government decided to link them to prices only -a step that would subsequently reduce considerably the growth of public pensions, given that real earnings have exhibited positive growth on average. As a result, the value of the flat-rate benefit, which equalled 20% of average earnings at its peak in the second half of the 1970s, has been eroded. Now the value stands at just under 15% of average earnings and is projected to fall further to be worth about 7% of average earnings by 2050. 3 These indexation changes are the most important reforms of the BSP contained in the period we study. Note that this kind of reform is relevant for everyone in the population, and the effects differ across households depending mainly on the age of the head of household and, in the case of married couples, on the age of the spouse.
Legislation to introduce SERPS was passed in 1975, and the scheme was implemented in 1978. It pays an additional pension that is linked to earnings. More precisely, it pays 25% of those earnings that lie between the lower and the upper earnings limit -two thresholds defined by the scheme. Benefits are calculated on the basis of the best 20 years of earnings and are payable together with the BSP. 4 The same retirement ages apply. Until 1988 the only possibility to opt-out of SERPS and to pay reduced National Insurance Contributions (NIC) was if the employer provided an approved private pension. This was not at the discretion of the employee, but was decided by the employer, a fact that is important in our empirical analysis and is discussed in further detail in the following sub-section.
When SERPS was introduced, the government aimed to design an opting-out scheme to ensure that existing secondary pensions provided by the private sector would not be crowded out by the new scheme. As a result membership in SERPS was compulsory only for those employees whose employer did not offer an occupational pension. It was not at the worker's discretion whether to participate in the new government scheme. In this set-up, which remained in place until 1987, we argue that membership in SERPS was not a choice variable for the employee, but an exogenous event. This implicitly assumes that people with different attitudes towards saving do not systematically select into jobs that provide private pension schemes.
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From 1988 onwards, this framework no longer applied. The new legislation ruled that an employee could choose to opt-out of SERPS even if the employer did not offer a private occupational pension scheme. In this case the employee could choose to join a socalled "Approved Personal Pension," a form of individual retirement account that met the minimum criteria set out by the government. The new policy sought to increase further private pension coverage in the UK. During the first years, the government offered an extra 2 per cent incentive rebate on top of the reduced rate of National Insurance Contributions 4 These are the rules applying to the period we study. The 1986 reform announced changes to the computations for people retiring in April 1999 or thereafter. 5 To our knowledge there is no firm evidence suggesting that people systematically choose jobs with private pension provision.
that a worker who opted-out would be entitled to. 6 An important implication of this change, especially in the context of this study, is that from 1988 onwards workers were able to choose themselves whether to opt-out of SERPS. Enrollment in SERPS could no longer be considered an exogenous event for the worker after the date the new legislation was implemented. For this reason we limit our analysis to data before 1988.
The UK pension system underwent many reforms. Our estimates of pension wealth reflect all the changes that were implemented during the period we consider. However, it is the variation in the pension wealth variables caused by the three most important and clear-cut reforms that will mainly drive the identification of our estimates in the empirical analysis. were not covered by a private pension at the time and earned above the lower earnings limit.
The indexation changes in the BSP affected everybody in the population since this part of the public pension scheme was universal. The magnitudes depended mainly on the age of the head of household and on the age of the spouse in the case of married couples.
While the impact of this reform varied mostly across the different date-of-birth cohorts, it also varied within these groups due to differences in household composition and age pairs in the households.
The introduction of SERPS affected cohorts born after 1913 in the case of men (1918 for women), and targeted those workers who did not yet have any private pension coverage. Some people were not affected by this new scheme at all: older cohorts who were retired by the time the new scheme was implemented; those who already had a private pension; and those who have very low earnings. Among those who could take advantage of SERPS, the expected entitlements were generally higher for later cohorts. This is because people who were already close to retirement when SERPS came into being did not have many years remaining to accumulate entitlements. Furthermore, later cohorts usually have higher earnings due to economic growth and therefore acquire higher entitlements on average. Because SERPS is earnings-related there exists variation within cohorts due to differences in individual-level earnings. To exploit these differences, we classify our sample into four occupational groups that differ in the shape of their life-time earning profiles.
In addition to the three important reforms in our period of study, there are a number of smaller changes in pension wealth. These were mostly due to minor updates in the information available to the individuals when forming an idea about their expectations. This concerns in particular observing the actual up-rated benefit values for the BSP and revaluation factors for SERPS which were published every year, and which individuals uses to replace previously anticipated values with the actual realizations. Even though these are minor changes we incorporate them in our calculation of pension wealth.
The expected pension wealth variables vary mainly with age and occupation of the adult members of the households, and their opting-out status with respect to the earningsrelated scheme. This is the variation we will use in our empirical exercise to identify the effect of pension wealth on savings.
Data sources and estimation of pension wealth
Our main source of information is the UK Family Expenditure Survey (FES), a time series of cross-sectional household surveys comprising roughly 7,000 households per year. As discussed above, we focus our analysis on the three most important and clear-cut reforms of the 1970s and 1980s, i.e. the introduction of SERPS and the two indexation changes of benefits from the BSP. We use observations spanning the years from 1974 until 1987, focussing on people born between 1909 and 1968.
We exclude from our sample households headed by self-employed individuals, whose income and consumption are often mis-reported. We also exclude composite households, that is households containing other adults than the head of household and the spouse. To reduce the influence of a few outliers, we trim the households that report income in the top and bottom 2% of the sample. We select our sample to be those households where at least one adult household member is affected by the introduction of SERPS. This leaves us with a sample of about 4000 households per year.
In our data, saving is measured as the residual between disposable household income and total household expenditure, where the latter includes spending on durable goods. The information on both income and expenditure is of good quality, as documented in Banks and Johnson (1998) . However, our definition of saving is not ideal, as, for instance, it excludes capital gains on real estate and financial assets.
In addition to detailed information on expenditure and family income which allows us to compute saving, the FES is also a rich source for variables like earnings, occupation and several demographic variables. Combining this with our knowledge of the pension legislation in place in each year, we construct estimates of the present value of future pension benefits, or more precisely the earned fraction thereof.
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The FES data do not provide information on subjective pension wealth expectations so that this variable has to be estimated. We assume that people have a reasonable understanding of the working of the scheme. Given that everyone is enrolled in the public pension system in some form, general knowledge should be quite good. We will compute the expected present value of net pension wealth, where pension wealth is defined as the sum of future benefits, assuming continued participation until retirement, minus future taxes, and use this measure as an estimate of subjective wealth expectations.
For each household observed during the chosen period, we first approximate the present value of future benefits both from the BSP and from SERPS. For this purpose, we use information on age, sex and marital status of the adult household members, and the relevant legislation in the year of observation. In a second step we compute the present value of current and future contributions to public pensions schemes. We deduct these contributions from the values obtained in the first step, that is from the total anticipated benefit receipts, to get the earned fraction of anticipated pension wealth at the time of observation There are many conceivable ways to compute pension entitlements. We refer the interested reader to Appendix 1, where we discuss some conceptual issues involved in more detail. Here we shall only state the assumptions we make and the main steps we use in our computations. In particular, in evaluating pension wealth we adhered to the following guidelines:
!" We use the entitlements that people will have acquired by the time they retire according to the current legislation, assuming they keep contributing to the schemes they are enrolled in just as they do at the time they are observed in the data. We take into account any reforms and future up-rating rules that have been legislated up to the time of observation. We assume that people expect the current legislation to persist.
!" We net out current and future National Insurance contributions (NICs).
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!" We express all values in constant prices and we assume perfect foresight about inflation rates when computing future expected benefits.
!" We assume that, when forming their expectations, people take their current characteristics, such as marital status and their (non-)participation in SERPS as given and fixed.
!" We account for uncertainty about longevity by applying survival probabilities to each period considered in the computations. The maximum attainable age, denoted T, is fixed at 100.
!" We calculate lifetime earnings profiles that are needed to compute entitlements for SERPS separately for groups defined by cohort, occupation and sex using earnings information from 32 years of cross-sections from the FES and synthetic cohort techniques. We describe the details of this procedure, including the extrapolation over parts of the life-cycle of each cohort not covered by the survey, in Appendix 3.
!" We assume that the age at which individuals expect to retire is the official state pension age of currently 65 and 60 for men and women, respectively. 8 7 Note that NICs do not only pay for pension benefits, but also provide the funds for other social security programmes including unemployment, statutory sick and maternity pay, incapacity benefit, maternity allowance, widow's payment, widowed mother's allowance and widow's pension. No fixed percentage is however assigned to these different 'other' programmes, and compared to the payment of public pension entitlements they are rather small. 8 In face of the observation that on average individuals retire increasingly early, it is worth noting that receipt of public pension benefits is conditional on reaching statutory retirement age. Hence, early retirement trends affect public pension wealth only in an indirect way: early retirement will not reduce entitlements to the BSP as long as the individual has contributed for the minimum number of years. In the case of SERPS, benefit computations were originally based on the best 20 years of earnings. As long as a worker has paid NICs for at least 20 years the impact of not working until age 65 will be minor.
We should stress that our computations reflect only the knowledge of the period when the expectation is formed. That is, for a household whose saving rate is observed at time t, we estimate its pension wealth using information on the current benefit rates, earnings growth factors, inflation, etc.. Changes in the rules will be reflected in our calculation of pension wealth.
The formula for the expected value of pension wealth at time t for a single individual i, E t (PW it ), is defined as the present value of expected social security benefits reduced by the present value of current and future social security contributions:
(1) b itk denotes the annual level of benefits expressed in constant prices that will be received at time k according to the legislation at time t. s tk is the gender specific probability in period t of surviving until year k conditional on having survived until period t, R i is the expected date of first receipt of pension benefits, hence individual i's retirement date, r stands for the real interest rate and T for the maximum attainable age. Contributions in any one period are calculated by multiplying the expected level of earnings at age j , w j , with the applicable contribution rate in place at the time, c j , taking into account survival probabilities.
The formula above applies to a single person. For married couples we take into account inheritance rules that are relevant for pension entitlements. This implies placing probabilities on the events of joint survival as well as single survival of the head of household and the spouse. Hence the formula for married couples becomes: 
where b c tk i is the benefit rate for couple i in period t to be paid in period k, b s tk i the benefit rate that applies to a surviving single person i in period t, and T the maximum attainable age.
The benefit calculations run from the year when the first member of the couple retires, min(R 1 ,R 2 ), while the contribution summations span from the current period of observation until the end of the working life of each partner. s mtk is the probability in period t for a man to survive until year k, while s ftk is the corresponding probability for a woman.
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As in the case for singles, the information on survival probabilities for men and women is taken from English
Life Tables. For the probability of joint survival we use the product of the individual survival probabilities in that we do not have available any joint life tables.
These formulas are straightforward to apply once the appropriate benefit rate is known. In the case of the BSP the current benefit rate is published by the Department of Social Security every year. For SERPS, the benefit rates have to be computed applying the contemporary set of rules.
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Having computed pension wealth for the households observed in the FES, we now study its variation over time and in the cross section. The pension reforms during our sample period have a differential impact on individuals depending on birth cohort and (for SERPS) occupation groups. In this subsection, we focus mainly on differences across cohorts and over time. The exact definition of year-of-birth cohorts is given in Appendix 2. We should stress that the variation in pension wealth we illustrate here is not the only one we use in our regression analysis. To identify the parameters of interest, we also exploit the variation across occupation groups within cohorts. Groups were chosen to maximize variation in both the level of pension entitlements and in the effects of pension reforms on these entitlements.
We start by calculating cohort means for each year in the survey, where a cohort is defined by the year of birth of the head of household. We plot the cohort-age profiles of these means in Figure 3 .1 for BSP and in Figures 3.2a and 3 .2b for SERPS. The expected value of pension wealth (EPW) is set in real terms expressed in 1996 prices and is discounted to the year in which the expectation is formed. The numbers can be interpreted as the cash sum that an individual would be willing to trade for the total of their entire expected pension benefits net of current and future contributions in the year in question. Note that the way in which we compute pension wealth, in the absence of legislative changes, EPW increases over the life cycle for three reasons. First, older individuals need to discount over fewer periods, so that the same entitlements are worth more in present value terms. Second, with every extra year that an individual survives, some uncertainty about mortality is resolved, again increasing the expected values. Third, our pension wealth computations net out future contributions to the public pension scheme so that each year fewer remaining contributions are deducted.
' ( &$$#$)*+!*,+ Figures 3.2a and 3.2b) . First, both pension wealth components vary a great deal as a consequence of the pension reforms we are considering. Second, this variation is very different across cohorts.
Two important features emerge from Figures 3.1 (and
In Figure 3 .1 the two marked downshifts in the BSP are due to the indexation changes:
first in 1974/5 from an ad hoc regime to earnings indexation of benefits, and in 1981 a further change towards price indexation. All summary statistics in this table are derived from the same sample that we also use in our final estimation. Details were provided at the begging of data description in Section 3. ♣ The number of observations in this cell is only 19 which is extremely small, so that the numbers might give a distorted picture. The same kind of graphs for SERPS is displayed in Figures 3.2a and 3 .2b, where the first graph refers to those households where only one adult is part of SERPS and the second refers to couples where both adults participate in SERPS.
In both figures we notice that the life-cycle experiences of the cohorts differ tremendously. The oldest cohort had just a few years to build up entitlements to the earningsrelated scheme, so their EPW from SERPS is small (see cohort [11] in particular). In addition, later cohorts have higher earnings as a result of economic growth and also additional female earnings, both of which lead to higher entitlements per household unit. As shown in Table 3 .3 we display the fraction of total public pension wealth that the earnings-related scheme accounted for in 1975, but this time stratifying not only by cohort, but also by occupation of the head of household and opting-out status of the household members. We distinguish four occupation groups:
professional employees, white collar workers, skilled workers and other occupations, and unoccupied.
10 Table 3 .3 shows large differences in the importance of SERPS according to SERPS enrolment. For example, in the cohort of 1949-53 SERPS was about 59% of public pension wealth among professionals when both spouses were enrolled but just 25% of pension wealth when only one spouse was enrolled. We also see large variations in the importance of SERPS across occupation categories. 
A theoretical framework and its empirical implications
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The conceptual framework we use to investigate the relationship between pension wealth and household savings is the life-cycle model. It guides our choice of the econometric specification as well as the interpretation of the results. In this section, we present the simplest version of the model we can use to make the basic points about our econometric specification. We keep the model simple in order to allow for a closed form solution, and so we do not explicitly consider uncertainty, changes in rates of return, labour supply and many other important elements.
We analyze a four period model so that we can study how pension reform affects people of different ages and how pension reform affects saving a number of years after the reform. We assume that in the first three periods of their life, individuals work and receive an exogenous income w i ,i=1,2,3. In the last period they retire and receive pension benefits denoted by b. During retirement, in addition to their pension benefits, they can use their savings that they might have accumulated during the first three periods of their life. These savings are assumed to appreciate over time at an exogenous and fixed interest rate equal to r.
The individuals in our model have a log utility function, face no income or interest rate uncertainty and have no bequest motive. Finally, they do not face liquidity constraints. The optimization problem takes the following form: 
where β is the factor by which future utility is discounted. Note that the lifetime budget constraint results from collapsing the budget constraints of the four single periods: Consumption in period 4 will equal the total amount of remaining resources. Notice that for c 2 we present more than one expression. The first expression displays the solution as seen from period one. The second expression shows the solution as a function of current and future resources as seen from the perspective of period two. Similarly, c 3 is written to depend on resources from the perspective of period one, two and three. As long as no changes occur during the four periods that were not anticipated in period one, the different expressions for c 2 and c 3 are identical. This can be verified by substituting the intertemporal budget constraint in (5). However, should there be an unexpected change in period t in some of the determinants of the solution the equivalence breaks down: saving decisions taken before that date cannot be changed, and the individual has to re-optimize over resources remaining from previous periods (A t-1 ) and future income. To evaluate the effect of an unexpected change in pension benefits occurring some time in period one on consumption (and saving) for an individual aged 2, one can use the second expression for c 2 , which takes the asset level at the beginning of the period as given and determined by decisions in the first period. For an individual aged 3 at the time of reform, we will use the third expression for c 3 .
The simple point we want to make is that while an increase in the exogenous level of benefits will decrease savings and saving rates during working life, the effect will be different for individuals at different stages of their life-cycle. The impact depends on when during the individual's lifetime the household learned about the change because it matters over how many remaining periods the individual can distribute the readjustment. Furthermore, the magnitude of the effect we observe depends on how long the reform occurred before the period of observation. The combination of these two factors determines the impact of a change in pension wealth on an individuals' consumption and savings choices in any one period.
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Rather than basing our empirical analysis on consumption as in equation (5), we will base it on saving rates, as this formulation is likely to lead to a better error structure. From equation (5) 
where Ψ is a function of β given by one of the two expressions on the right hand side of equation (5), depending on when we observe the household in the survey. For example, if an age 2 household is observed in a reform year, we would use the second expression for c 2 in equation (5), while if it is observed the year after a reform we would use the first expression.
Given β, r, and future pension entitlements b, one can calculate Ψ and
. It is the latter expression, generalized to an N period problem, that we enter as a regressor in our empirical specification for saving rates.
The empirical specification generalized to a multi-period framework is
where SR it is the saving rate of household i observed at time t, EPW it is the present value of (earned) expected pension wealth (whose computation was described in section 3) and y it is current income. ( )
is the normalization factor, equivalent to Ψ in equation (7), by which we multiply each household's expected pension wealth. In a multi-period model with log-utility, ( )
is given by the expression:
where t i denotes the t-th period in household i's lifecycle, and tr i the number of the lifecycle period in which the last reform experienced by household i occurred. t runs from 1, when the household begins working life, until E(T) (set to 56 in our case), the number of the last period that households expect to reach on average. The vector X in equation (7) represents a number of control variables, including group and time effects, that are meant to capture various determinants of saving other than pension wealth. The groups are defined by year of birth, occupation, and SERPS enrollment.
Given the structure of the model, it would be desirable to include a measure of household wealth, but our data does not contain information on this variable. We can proxy household wealth by a flexible (group specific) function of age. As our groups are defined (among other things) by year-of-birth cohort, including indicator variables for group and time is equivalent to considering a categorical variable in age. A similar argument applies to including the present discounted value of future earnings in the regression, which also appears in the equation for saving derived from the structural model. In some of the specifications we tried, we included estimates of future earnings in X and applied the same adjustment as to pension wealth variables.
A literal interpretation of our model, in which pension wealth is a perfect substitute of financial wealth, would imply that the coefficient γ in equation (7) is -1.0. In what follows we estimate γ and interpret it as a measure of the substitutability between financial and pension wealth. Our coefficient γ is therefore equivalent to the coefficient that Feldstein (1974), King and Dicks-Mireaux (1982) and many other authors have tried to estimate on micro and macro data.
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To allow for more flexibility in our specification, we let the coefficient γ vary with age, reflecting the fact that the degree of substitutability between financial and pension wealth might be different for individuals at different points of their lifecycle. After experimenting with various polynomial specifications, we decided to let the coefficient be a step function of age. The results using polynomials were similar and are available upon request.
As we described in Section 2, the public pension system in the UK consists of two different tiers, the BSP and SERPS. These two components vary substantially in their structure. Therefore, we let γ take different values for each of these components and estimate the following relationship:
Results
-.$( $$ $$$$
There are several reasons why OLS estimation of equation (9) on household data would yield biased and inconsistent estimates. First, the subjective expected value of pension wealth is unlikely to be equal to actual pension wealth; furthermore, we only have an approximation to pension wealth. Therefore, we need to allow for the presence of measurement error.
Moreover, it is possible that unobserved heterogeneity in the taste for savings is related to the individual stock of (pension) wealth. For these reasons we take an Instrumental Variable approach and use the pension reforms to identify a number of instruments. As the effects of these reforms were different for different groups, we use the interaction of group dummies and year dummies as instruments for our measure of pension wealth. The group indicators distinguish between cohorts, occupations, and enrollment in SERPS. The use of such a differences-in-differences estimation strategy is legitimate if two conditions are satisfied:
once we control for group and year dummies, their interaction does not enter the equation for saving in its own right; and pension wealth has variation over and above that captured by group and year dummies.
The first assumption is an identification assumption and therefore is not testable. We can test the second by finding whether pension reforms affect different groups in different ways.
The analysis presented in Section 3 suggests that this is the case, and an F test for the significance of the interactions between year and group dummies shows this formally.
Detailed results are available upon request.
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In the pension wealth calculations and in the computation of Ψ , we need to make an assumption about the discount factor β and the interest rate r. We tried several combinations of values. Those we report are for r=0.03, and β=0.98. The results did not change substantially with different values of the discount factor and the interest rate. We use annual data from 1974-1987.
In Table 5 .1 we report the results from estimating equation (9). While our regressions include time and group dummies and some demographic variables, we only report the coefficients on pension wealth from SERPS and from the BSP for different age groups. We plot these coefficients in For SERPS, we see that for individuals above the age of 31 pension wealth is a good substitute for financial savings. Indeed, for the individuals in the top age group, the coefficient is very close to -1. For the youngest individuals the estimated coefficient is not significantly different from zero, indicating no substitutability between future pension benefits and financial savings. This result might be explained by binding liquidity constraints for the youngest individuals.
For BSP, we only find a significant effect for the youngest group, and even for this group the effect is relatively small (-0.3). For all the other age groups, the effect is not significantly different from zero.
These results are quite robust: we have tried a number of different specifications, changing the controls in the regression and the sample over which we estimate it. In particular, we have added estimates of future earnings, age polynomials to capture differences in the age effect within cohorts, and demographic variables. We have also added to our sample the households where no adult was enrolled in SERPS. All these experiments, whose detailed results are available on request, confirmed the basic pattern of age-specific coefficients reported in Our estimates are substantially higher than those found in various empirical studies (such as King and Dicks-Mireaux (1982) , Brugiavini (1987 ) or Jappelli (1995 ). This might be an indication of the importance of measurement error and simultaneity biases that our methodology might be able to avoid since it exploits exogenous variation induced by policy reforms. Disney et al. (2001) discuss the likely effects of the pension reforms of the late 1980s and 1990s on saving behaviour in the UK. While they do not use a formal econometric analysis, they argue for the degree of substitutability between (private) pension wealth and financial wealth to be close to the one we estimate.
The evidence on BSP is quite different, as we do not find any significant effect of changes in this component of pension wealth on saving rates, except for the youngest individuals. One possible explanation is that the variation we use to identify the coefficient of interest is exclusively induced by changes in the indexation rules. Maybe people did not fully understand the implications at the time the reform was implemented, even though the effects proved quite substantial, as made clear in Section 3.
Another possible explanation for the difference between the effect of changes in SERPS and BSP, might be due to the fact that the poorer part of the population does not earn pension wealth from SERPS, while still being entitled to the BSP; SERPS have a bottom threshold for earning benefits, but BSP does not.
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Substitution of pension wealth for private wealth in the poorer part of the population is likely to be small due to liquidity constraints. Differential enrolment combined with a lack of substitution would lead qualitatively to our results.
Conclusions
In this paper we use an estimate of pension wealth from the public pension scheme to investigate its impact on household saving behaviour. We focused on the time period that encompassed three major reforms, the introduction of SERPS in 1978, which was legislated in 1975, and the two indexation changes of the BSP in 1975 and 1981. The pension wealth profiles show substantial differences across and within cohorts and occupation groups. The variation induced by these reforms combined with implications from economic theory allowed us to analyze the link between pension wealth and household savings rates in a way that goes beyond a simple differences-in-differences strategy.
The results we obtain indicate a considerable degree of substitutability of SERPS for financial wealth: for example, among 43-53 year-olds we estimate an elasticity of substitution of about -0.73. However we estimate little, if any, substitutability between the BSP and private wealth.
Our results have important implications. First, they confirm Feldstein's (1974) findings, which were based on time series data. Second, they confirm the basic prediction of the life-cycle model of a negative relationship between savings and pension wealth. Third they have implications for the debate on pension reform and on the adequacy of individual savings: should public pensions be reduced households will increase their savings to make up for a large part of the loss.
There is, however, one important modification to these conclusions: the results might not extend to the poorer part of the population since they were derived from the earnings-related tier of the public pension scheme. Poor households generally do not earn any entitlements from SERPS, so for them the relationship between pension wealth and savings might look different.
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In the case of anticipated rights, individuals form expectations about the benefits that they should receive during retirement if they continue to contribute to the pension schemes as they currently do. The discounted values of these expected benefit flows constitute the anticipated rights that might influence -among other things -individual saving behaviour. Another possibility would be that individuals rather consider those pension rights as important that they already have acquired instead of basing their saving decisions on some expectation about the usually distant future. It is worth laying out what this roughly means in the case of the UK public pension scheme. For the case of the flat-rate part of the public pension scheme: as long as contribution records are not completed, reduced rates apply. Given that almost all male workers end up receiving the full rate it is unlikely that they would work out their currently accrued rights. The portion of women entitled to a full pension in their own rights has increased over the past two decades, especially since the recognition of "Home Responsibility Periods" was introduced.
14 Nevertheless, also for them working out reduced rates seems an unlikely approach. People will hence rather have these full amounts on mind instead of working out the fraction that they are so far entitled to, in some period before retirement. For the earnings-related tier of the public pension scheme (SERPS) -the arguments look similar: Especially if we believe that people have at least a rough idea about their needs in retirement then in order to determine how much extra saving they should involve in, apart from the compulsory amounts, they have to have some expectations of what they will get from the public pension schemes in total. Therefore, we base our computations on the notion of anticipated rights.
To predict future benefit flows people also need to make assumptions about the future path of a number of factors involved in the concept of expected pension wealth. $ One central issue is the evolution of the pension scheme itself and to what extent people anticipate changes to the system. Static expectations where individuals take the pension scheme 'as is', ignoring the possibility of reforms, seems extremely rigid at first sight; particularly when considering the 'tradition' of pension reform in the UK over the past decades. Nevertheless, the look at the system's history reveals at the same time that the outcome of reforms strongly depends on which party is in government in a way that even anticipating the qualitative direction of the system in the long run might be difficult if not impossible. That is why any particular assumption about the future evolution of the system would be arbitrary; therefore, the static assumption may be simplistic, but a prudent one.
Concerning reforms that have been passed into law but have not been implemented yet, we assume that people integrate these changes in their expectations. This seems a reasonable assumption since this type of legislation is preceded by a fair amount of public debate.
$
Some individual characteristics that matter for the calculation of pension benefits might change over time. Consider the example of a single male worker in his mid-thirties. The magnitude of his pension benefits depends on the outcomes of a number of variables: -potential spells of unemployment and the entailed interruption NIC payments, -possible change in expected earnings due to job change, -change in marital status change -life-expectancy -... A way of dealing with these uncertainties would be to place probabilities on the various possible outcomes, ideally cohort and occupation specific probabilities, but this is beyond what we are doing in this study. For marital status we assume that people form their expectations on the basis of their current marital status ignoring the possibility that it might change, i.e. we use the information recorded in the FES at the time of observation. We adopt the same strategy also for employment status and occupation.
A-1.2 The actual Pension scheme(A feasible set of simplified rules
& $
Given that the BSP is a flat-rate scheme there are not many different possible outcomes that need to be considered: either an individual meets the requirements to claim a full rate pension, or -if her contribution records are incomplete -a reduced rate applies. Should a woman not qualify for a pension in her own rights then her husband can claim a dependant's addition for her on his contribution records.
It is hard to know who is likely to be able to apply for a full pension at retirement age on a single observation basis as one would need contribution histories. It will therefore be necessary to base the computations on simplifying assumptions.
The simplifications listed below yield a reasonable approximation of the actual portions of full rates and married couples rates that are paid out in reality:
!"Men always expect to complete their contribution records and to receive the full rate BSP.
!"Single women tend to have a similar working life as single men, and therefore we assume that they also acquire the entitlements for a full rate BSP.
!"Married women who retired before 1978 never acquired entitlements to a full rate pension -mainly due to breaks in their working lives for child bearing or because they chose to pay reduced National Insurance Contributions and to forego pension entitlements in their own rights. They therefore usually had to rely on the dependants' rate which they could claim on their husband's contributions; that is the rate I apply in this case.
!"Women who retire in 2018 or later will all be entitled to a full rate pension on their own rights due to the recognition of home responsibility periods (HRP) as contribution years. Note that by 2018 the 1978 HRP-rules will apply to the entire working life of all women.
Women retiring between the above bounds (i.e. between 1978 and 2018) increasingly profit from the HRP rules. To what extent this is the case for each single woman is, however, impossible to know. We therefore suggest the following approximation: the dependant's rate amounts to 60% of the full rate BSP. The transition period lasts at most 40 years; hence, add one percent of the full rate to the dependant's rate each year to take account of the increasing recognition of HRPs.
Based on these simplifications a rather simple situation for the BSPs emerges that is illustrated in the diagram below. The simplified structure presented in the figure above, indicates that there are four different scenarios to be distinguished that lead to the following three outcomes:
1. Full rate (singles, widow(er)s, male divorced) 2.
Reduced rate (female divorced) 3.
Married couple's rate
We addressed the difficulty of dealing with reduced rates earlier, i.e. that there is no way of knowing for how many years an individual has actually contributed to the scheme and without that information we are unable to calculate the appropriate reduced rate. Furthermore, the FES does not distinguish singles from divorced people until 1978. As a consequence, we are left with only two outcomes that is the full rate and the married couple's rate, not counting extra the transitional outcomes for married couples between 1979 and 2018. above. These are supposed to preserve the value of "past" amounts along with average earnings growth. From the resulting amount the lower earnings limit of that very pre-retirement year is deducted to obtain the so-called "excess earnings". These are multiplied with the accrual factor x Rt , that was originally fixed at 1/80 for each year of service. Summing up the calculated amounts for the 20 best years of earnings during which the individual paid NI contributions will yield the weekly benefit that an individual earned in this scheme. The accrual factor as well as the calculation of excess earnings was changed in subsequent reforms reducing the generosity of the scheme.
